Introduction {#sec1-1}
============

Early mechanism of cardiovascular complication in diabetes and prediabetes {#sec2-1}
--------------------------------------------------------------------------

The mechanisms for the propensity to develop cardiovascular disease (CVD) among persons with diabetes and prediabetes are varied and associated with several factors, prominent amongst is hyperglycaemia toxicity. Hyperglycemia can mediate its adverse effects through multiple pathways including polyol, hexosamine, protein kinase C, and glycation pathways. The unifying occurrence in these pathways is the overproduction of the oxidant, superoxide ion (O~2~^.-^) that increases susceptibility to intracellular oxidative stress.\[[@ref1]\] In diabetes/hyperglycemia, erythrocytic glycolysis increases and so does production of O~2~, which results in erythrocyte oxidative stress (EOS). Accumulating reports have consistently demonstrated that EOS in diabetes mellitus (DM) leads to complications such as macrovascular diseases. What requires (but yet) to be equally emphasized is that the hyperglycemia is the same in biochemical context whether it is clinical (diabetes) or subclinical (prediabetes).

The generation of ROS in the erythrocytes coupled with depletion of its defensive natural antioxidants enhance the cells' membrane lipid peroxidation, which lead to decreased membrane fluidity of the red blood cells. The attendant effects are increased aggregation and decreased blood flow rate. Besides, increased glycolysis and pentose phosphate pathway (PPP) activities have the propensity to generate high levels of glyceraldehyde-3-phosphate, which enhance advanced glycation process that in turn exacerbates OS.\[[@ref2]\]

Definition of vasculopathy triad and how it is implicated in prediabetes {#sec2-2}
------------------------------------------------------------------------

There is a set of three factors hypothesized to underlie atherothrombogenesis.\[[@ref3]\] The factors include alterations in blood flow (marked by blood viscosity), injury to the vascular endothelium (marked by endothelial dysfunction), and alterations in coagulation/fibrinolysis balance indicated by plasma D-dimer.\[[@ref4]\] In our review,\[[@ref5]\] it was illustrated how these three factors are associated with hyperglycemia-induced erythrocyte oxidative stress and macrovascular complications. [Figure 1](#F1){ref-type="fig"} is a representation of how the three factors constitute VT. Thus, VT is a diagnostic concept of three markers of vascular pathology.

![Illustration of links between hyperglycemia, erythrocyte oxidative stress, and related vascular events](NAJMS-6-328-g001){#F1}

It is important to note that in current literature, VT is known as Virchow\'s triad,\[[@ref6][@ref7][@ref8]\] though there is argument about the attribution.\[[@ref9]\] Further, Lincoff had conceptualized a "triad in cardiovascular medicine".\[[@ref10]\] While Lincoff\'s concept is based on treatment view point, VT concept is coming from a laboratory perspective. Nevertheless, Lincoff\'s triad has diabetes vis-à-vis hyperglycemia as a major factor for cardio-vasculopathy.

Hypothesis and objective {#sec2-3}
------------------------

We reported higher levels of plasma D-dimer in prediabetes relative to control\[[@ref11]\] and we have also reported that whole blood viscosity (WBV) varies between individuals with different stages of diabetic macrovascular pathogenesis, including prediabetes;\[[@ref12]\] and that WBV is a laboratory index for antiplatelet as international normalized ratio (INR) is for anticoagulant.\[[@ref13]\] Given that these factors, which constitute VT, are part of emerging laboratory markers for assessment of CVD,\[[@ref14][@ref15]\] we hypothesize that concomitant prevalence of at least two of three VT indices would be more prevalent in prediabetes compared to healthy individuals. A positive finding will be invaluable for early identification of subclinical macrovascular complications in prediabetes. The overreaching objective is to present the potential of laboratory testing of the VT as a profile.

Materials and Methods {#sec1-2}
=====================

Participants selection and baseline characteristics {#sec2-4}
---------------------------------------------------

This work was a repeat analysis of data subset.\[[@ref16]\] Among 90 participants that constituted the control (*n* = 49) and prediabetes (*n* = 41), 81 comprising control (*n* = 44; 27 females and 17 males) and prediabetes (*n* = 37; 15 females and 22 males) whose results for plasma D-dimer, homocysteine, and whole blood viscosity were selected. The process of participants' classification and selection, which was previously published, were based on questionnaire, clinical history, and laboratory results.\[[@ref12][@ref16]\] Prediabetes in this study was defined as an established prediabetic status identified by general practice, or participants who were otherwise healthy (i.e., undiagnosed) but who presented with elevated blood glucose level.

Information obtained from questionnaire included past results of age and gender as well as blood glucose level, electrocardiography (ECG), history of CVD, diabetes, kidney disease, and any other health conditions. Family history of diabetes and/or heart disease, body mass index (BMI), smoking, alcohol consumption, and ongoing medication were also recorded. All participants included in this study were non-smokers, though there quite a few smokers among the excluded data, which shall be reviewed.

Participants were included if their BMI was within the range 20-30 Kg/m, daily consumption of standard alcoholic drinks was \<2 for females and \<4 for males, and no known disease or ongoing medication was reported or identified. Participants identified known family history of diabetes, diagnosed with diabetes or CVD (including high blood pressure and dyslipidemia) were classified into separate groups, and therefore excluded in this study. Thus, baseline characteristics common to both groups included normal blood pressure and normal cholesterol profile test results.\[[@ref16]\]

Statistical study {#sec2-5}
-----------------

Mean blood glucose level was first determined to be significantly higher in the control group compared to the prediabetes group (*P* \< 0.000001). Plasma D-dimer and homocysteine were, determined by the MiniQuant (Biopool) and AxSYM (Abbott Laboratories) methods, respectively. Blood viscosity was measured using a Silenus viscometer. Cholesterol values were assayed using point of care machine (Cholestech LDX^®^).\[[@ref16]\]

S-Plus was used to perform multivariate (MANOVA) and univariate analyses to determine and reaffirm previously reported observations of statistically significant differences in levels of the indices between prediabetes and control. Based on the descriptive statistics of data \[[Table 1](#T1){ref-type="table"}\], normal levels for the research method and study population were worked out using the formula:

###### 

Descriptive statistics

![](NAJMS-6-328-g002)

Normal range = Mean ± 2SD; where SD is standard deviation

Thereafter, data were sorted to determine prevalence of abnormality of D-dimer, homocysteine and viscosity, as well as concordant abnormality of ≥2 of the three markers in any participant.

Results {#sec1-3}
=======

The descriptive statistics show that average levels for all indices of the vasculopathy triad are higher in prediabetes than in control \[[Table 1](#T1){ref-type="table"}\]. In the cohort evaluated overall, MANOVA shows a significant difference between groups (*P* \< 0.001). It is also observed that only WBV (*P* \< 0.04) and homocysteine (*P* \< 0.03) are significantly higher in prediabetes than in controls.

In evaluation of prevalence of abnormality of the three parameters, it is observed that abnormal results of all VT indices are more prevalent in prediabetes than in control group. Abnormal D-dimer is 43% in control compared to 51% in prediabetes. Abnormal homocysteine is 5% in control compared to 8% in prediabetes. Abnormal WBV is 7% in control compared to 11% in prediabetes.

The outcome of evaluation of concordant abnormality of ≥2 of the three markers in any participant is presented in the vein diagrams \[[Figure 2](#F2){ref-type="fig"}\]. It is observed that in the control group that half of the abnormal homocysteine and all abnormal WBV results were concordant with abnormally high D-dimer results \[[Figure 2a](#F2){ref-type="fig"}\]. Also, it is observed that in the prediabetes group that two-third of the abnormal homocysteine and three-quarters of abnormal WBV results were concordant with abnormally high D-dimer results \[[Figure 2b](#F2){ref-type="fig"}\]. In both the control and prediabetes groups, no individual presented abnormal result for all three parameters. However, it is observed that participants with one abnormal VT index presented levels of other two indices that were higher than population average.

![Concordance and prevalence of vasculopathy indices in control and prediabetes groups](NAJMS-6-328-g003){#F2}

Discussion {#sec1-4}
==========

Oxidative stress activates nuclear redox-sensitive transcription factor, which results in enhancement of events at the gene level such as production of pro-coagulant tissue factors and pro-inflammatory mediators that lead to endothelial dysfunction and CVD. Although erythrocyte has no nucleus, stimulated red blood cells are associated with redox-sensitive transcription factor NF-kappaB in mononuclear cells.\[[@ref17]\] Hence, erythrocyte oxidative stress (EOS) may affect certain macrovascular events including hypercoagulation, endothelial dysfunction, and blood flow. It is noteworthy that these three vascular events constitute Virchow\'s triad and in order to avoid the debate on attribution,\[[@ref18]\] it is hereby conceptualized and renamed, vasculopathy triad (VT). The issue is that hyperglycemia that is observable in prediabetes undoubtedly causes both EOS and macrovascular complications.\[[@ref19][@ref20][@ref21][@ref22]\] Indeed, hyperglycaemia-induced EOS reduces erythrocyte membrane fluidity that in turn increases red blood cell aggregation and blood viscosity, and both are predictors of arterial thrombosis. Hyperglycemia is also associated with hypercoagulation and endothelial dysfunction.\[[@ref16]\] However, the biomarkers of these three vascular events have yet to be adequately considered as a laboratory test profile of surrogate makers of cardiovascular events, especially in prediabetes management. This forms the basis of investigating these three factors.

The results of preliminary report indicate that, on the average, high blood viscosity as well as D-dimer and homocysteine are more prevalent in prediabetes than in apparently healthy person. The concordance results further indicate that while no individual may present abnormal level in all three vascular events, any person with one abnormal VT index may present either concomitant abnormality of another vascular event or the levels of other indices being higher than population average.

We previously reported that up to 76% of oxidative stress is associated with high WBV, reaching 95% prevalence in prediabetes.\[[@ref12]\] In this report, we present higher prevalence of homocysteine and WBV in the prediabetes group, but relatively equal concomitant abnormality of D-dimer in control \[[Figure 2](#F2){ref-type="fig"}\]. Plasma D-dimer alone may be used to exclude "no indication" of deep vein thrombosis (DVT) or pulmonary embolism. However, additional tests such as homocysteine or WBV could provide additive value on the positive D-dimer result, especially in assessing vasculopathy to allow clinical decision on the risk of thrombosis to be made.

In terms of epidemiological evidence of significance, literature on Virchow\'s triad has been profound.\[[@ref6][@ref7][@ref8][@ref9][@ref18][@ref23]\] It has been known that some candidate biomarkers, including plasma D-dimer and homocysteine, are potential clinical tools to improve risk prediction.\[[@ref14]\] A cursory look at the biomarkers for cardiovascular events show that WBV is not listed. In other words, while thrombosis is reported to be reaching epidemic proportion partly due to DM, and hyperviscosity is considered as an independent risk predictor;\[[@ref24]\] and while stasis is managed to prevent development of atherothrombosis, the relevant laboratory marker has yet to be fully acknowledged.

Ridker and his group further suggested that for a proposed biomarker to be widely used, it should (i) provide independent information on risk or prognosis beyond that available from global assessment algorithms such as the Framingham Risk Score; (ii) be easy to measure in a cost-effective manner in outpatient settings; (iii) be measured by an inexpensive and standardized assay with low variability that does not require specialized plasma collection or assay techniques; and (iv) reduction of the biomarker should lead to decreased vascular risk.\[[@ref14]\]

While we acknowledge that WBV has yet to satisfy the suggestion of providing independent information for diabetic macrovascular complications in our previous study,\[[@ref25]\] it is noteworthy that the test has a cost-effective user-friendly "chart" option, which has been developed,\[[@ref26]\] based on a standardized formula.\[[@ref27]\] The other noteworthy fact is that aspirin is used to reduce vascular risk and we have reported that acetylsalicylate reduces WBV.\[[@ref28]\] Thus, WBV holds promise, as a laboratory marker, in the clinical management of CVD in diabetes and prediabetes.

Conclusion {#sec1-5}
==========

In current clinical practice, the three component indices of VT are being assessed individually, but yet to be recognized together as a surrogate test profile of cardiovascular events. We report a relatively higher prevalence and concomitances of at least two of the VT indices in prediabetes individuals compared to healthy individuals; and suggest that measuring homocysteine or WBV could provide additive value to augment positive D-dimer result during clinical decision on the risk of thrombosis. This will be valuable for the improvement of early identification of subclinical macrovascular complications in prediabetes.
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